Introduction
Among the trends of revolution in the shipbuilding This kind of buckling usually leads to collapse of the whole plate of which carrying capacity is lower than that at local buckling and must not be allowed. b) Stiffeners lateral buckling : This mode of buckling usually leads to overall buckling and collapse of the stiffened plate. Such practice as avoiding this mode of buckling is usually provided. c) Local buckling of plate panels between stiffeners : Plate panels may buckle but still continue to carry substantial further load after buckling as long as its edges continues to be effectively supported by the stiffeners. This mode of buckling may be allowed to exploit the high yield stress of the material. Primary supporting members, such as deck and bottom girders may buckle in three different modes. a) Lateral buckling : The carrying capacity of a girder is mainly governed by this mode of buckling and nothing can be gained by allowing this mode of buckling. b) Torsional buckling of the flange : This usually leads to lateral buckling and should not be allowed. c) Web buckling : In stiffened web plates, only plate panels between stiffeners may be allowed to buckle.
From the above discussion, it may be seen that only effectively supported plate panels may be allowed to buckle in order to exploit the advantage of high tensile steels. These plate panels, however, may constitute about 80 % of the ship hull weight and substantial economic benefits may be gained by reducing the thickness of these plate panels.
Allowing buckling in ship structures will bring out several problems. Three subjects related to rectangular ultimate strength and fatigue strength under regular and random loads.
A design philosophy on buckling accepted design is proposed, and design criteria, methods and graphs are presented in connection with these subjects.
Consequences of plate buckling in ship structures
Let's consider a flat stiffened plate, as shown in Fig. 1 , free of any imperfections such as initial deflection and/ or welding residual stresses, and simply supported at its edges. It is assumed that the plate thickness is such that it will buckle in an early loading stage, and the stiffeners be such that they will not buckle or collapse before the plate panels have reached their ultimate strength. The edges are assumed to be kept straight but free to move in the plane of the plate.
For simplicity of discussion, the panel is supposed to be subjected to an increasing uniaxial inplane compression in the direction of the stiffeners. The arguments to be mentioned here should be valid, however, for other combined loading conditions. As the load increases starting from zero, a linear (uniform) stress distribution develops across the breadth. When the load reaches the critical load, plate panels buckle, and buckling deflection is induced in the following patterns characterized as. a) each half buckling wave tends to have a length close to stiffener spacing, b) buckling deflection of adjacent plates is produced usually in opposite directions as shown in Fig. 1 .
This phenomena resembles buckling of simply supported plate panels, except the restraint provided by the torsional stiffness of the stiffeners, and the webs of the primary supporting members around the stiffened plate.
With further loading, buckling deflection increases. This leads to a more complicated stress distribution as shown in Fig. 2 . Four important consequences of this stress distribution are : 1) maximum (locally maximum) stresses higher than the nominal (average) stress are developed . These may occur at the edges or at the central portion of each half buckling wave on the concaved surface.
2 3) complicated 3-dimensional stress distribution is developed in the vicinity of welds between the stiffeners and panels. This is due to plate buckling being restrained by the torsional stiffness of the stiffeners .
4)
Tangential stiffness of the buckled plate is reduced to about 0.5 of its original value.
The first of these consequences should be discussed with respect to the allowable maximum stress design criterion which is used with conventional design loads .
The second is related to safety evaluation in extreme loading conditions. The third is related to fatigue strength and the fourth is concerned with the stiffness of ship hull in response to different loading conditions.
In the following sections, the first three consequences are discussed. 
where, Equation wave of a probability of exceedance of 10-8(S*y) may be evaluated by such a finite element analysis. Based on the response at a wave with a probability of exceedance of 10, a transfer function T'y may be expressed as follows 6. 2. 2 The probability density function Generally, the Weibull or the exponential probability density function is used to represent the stress response based on a linear transfer function. In this paper the exponential probability density function is adopted.
where, P(S) is the exponential probability density func- 16-a and 16-b. Let the dimensions of the plate panels be such that buckling occurs at a certain stress range, Sxcr. For stress ranges larger than Sxcr, the probability density distribution of the average stress range Sxav as defined by Eq. Fig. 15 Wave height-to-stress range transfer function (23) will follow Eq. (27). However, Sx max (given by Eq. ( 17 ) ) will be larger than Sxa, and may be represented by the dashed line in Figs. 16-a and 16-b. The probability of exceedance of any Si max at any wave height is equal to the probability of exceedance of Sxav (which produces this &max) at this wave height. In y direction, S, is given by Eq. (25) and represented by the dash-dot line in Figs. 16-a and 16-b. Here, also the probability of exceedance of any Si, at any wave height is equal to the probability of exceedance of S'a, (which produces this Sy) at this wave height.
6. 2. 3 Miner's damage factor Miner's damage factor D may be expressed as follows, (31) where, dn is the number of cycles at a stress range S and N is the number of cycles at failure under this stress range S. dn may be expressed as follows (32) while N may be expressed using an S-N curve as follows (33) where, C is the value of N at the intersection of the S curve with the log N axis as shown in Fig. 17 Figure 19 shows the damage factor due to the longitudinal stress range for different plate thicknesses and frame spaces. In this figure, the load per unit breadth of plates (S* t) is kept constant. S* of a plate 14 mm thick is taken equal to 20 kgf /mm2. S-N curve of class D from DNV4) is adopted with C=10'2'8 and m=3. It may be seen that the damage factor for each plate thickness does not change substantially (in this range of thickness and frame space) with the change of frame spaces. This indicates that buckling effect on fatigue damage in this range of thickness and frame space is not appreciable. On the other hand, the damage factor increases substantially as the plate thickness decreases. This is due to the higher stress range S* developed in thinner plates in order to carry the same loads as thicker ones.
In Fig. 20 , the damage factor due to the transverse stress range is plotted for different plate thicknesses and frame spaces. Here also, (S* t) is kept constant, and It may be seen also from this figure that buckling has only a little effect on fatigue for plates with slenderness ratio up to 6 or 7.
It is to be noted that effects of initial deflection of plates and welding residual stresses in the stress range above buckling are not included in the above results. These will lead to some increase of the damage factors. These effects will be investigated and the results be reported in future publication.
Conclusions
In this paper, three subjects associated with bucklig accepted design applied to ship structures are discussed. Namely, maximum stress, ultimate strength and fatigue under regular and random loads. A design philosophy is proposed. Design criteria, design methods, design graphs and relevant equations are presented in connection with these subjects. Numerical examples are also presented.
From these graphs and numerical results, the following conclusions may be drawn.
1. The use of high tensile steels may make it possible to reduce plate thickness substantially, satisfying the current design and safety criteria such as maximum allowable stress and ultimate strength of plates.
2. Buckling may have only negligible effects on fatigue strength of perfectly flat rectangular plates being thicker than 8 mm. Effects of initial deflection and welding residual stresses on fatigue need to be investigated to check the validity of this conclusion with actual ship plates. In this study, the effect of the interaction of the longitudinal and the transverse stress ranges is not taken into account. This effect should be clarified by further experimental and theoretical studies, since this effect may affect the conclusion mentioned above.
